I. INTRODUCTION
T HE growth of ultra-wideband (UWB) radio for personal area networks (PAN) is mainly attributed to its robustness and spectrum efficiency allowing coexistence with other radio signals whilst providing high data-rates up to 480 Mb/s. However, a significant shortcoming of UWB is the federal communications commission (FCC) regulated power spectral density (PSD), which restricts the transmission range typically to 10 m or less [1] . Therefore, for the purpose of extending the range of UWB radio signals whilst reducing the complexity of the architecture required for distributed antenna systems, the benefits of radio-over-fiber (RoF) techniques for in-building/home networks are gaining momentum.
Recently, several scenarios have been presented for UWBover-fiber transmission including a half-duplex, bidirectional transmission system over single-mode fiber [2] .
However, for short-range in-building infrastructures, plastic optical fibers are more attractive than silica single/multi-mode fibers due to ease of installation and maintenance, less stringent alignment tolerances and smaller bending radius ( mm demonstration of multiband orthogonal frequency division multiplex (MB-OFDM) UWB signals transmission over 62-m core diameter perfluorinated (PF) graded-index plastic optical fiber (GI-POF) [3] . Full duplex and bidirectional transmission of UWB signals have not been realized using plastic optical fibers. Therefore, an in-building/home network architecture using directly modulated lasers and direct detection transmission system over a single fiber is an attractive solution for easy implementation. The in-home installer does not require knowledge of uplink/ downlink fiber as in the case of dual fiber installations.
This letter presents the first demonstration of bidirectional transmission of WiMedia-compliant MB-OFDM UWB signals over a single 100 m PF GI-POF with 50 m core diameter. An error vector magnitude (EVM) penalty of 1.2 and 2.1 dB is achieved for the downlink and uplink respectively. This letter is organized as follows: the format for MB-OFDM format is discussed in Section II and the experimental setup to represent the in-building network architecture is presented. The experimental results obtained are discussed in Section III. Finally, the letter is concluded in Section IV. Fig. 1 illustrates the experimental setup for the in-building network scenario. The residential gateway transmits the UWB signal via the POF link to the UWB transceiver at the remote site. At the remote site, UWB signals can be transmitted and received wirelessly from the mobile ONU, which is not shown. The UWB signal generated at the residential gateway (RG) uses an off-the-shelf UWB transceiver (UWB module from Wisair). The format for the UWB signal is based on OFDM employed to combat the effects of multipath fading in the wireless channel. Each OFDM symbol is composed of 128 orthogonal subcarriers spaced by 4.125 MHz. Although the FCC UWB spectral mask ranges between 3.1 and 10.6 GHz, in this work we use UWB bands centered at 3.432 and 4.488 GHz. Each UWB band occupies 528 MHz. The PSD is limited to dBm MHz in order to comply with the FCC spectral mask for air transmission.
II. EXPERIMENTAL SETUP
For the downlink, the MB-OFDM data is at the time-frequency code 5 (TFC 5), meaning that the transmitter only sends one subband data at the centre frequency of 3.432 GHz corresponding to band group 1, subband 1. After an electrical power amplifier, the signal is used to directly intensity-modulate a distributed feedback (DFB) laser at 1302.56 nm with a bias current 1041-1135/$26.00 © 2011 IEEE in the linear regime at 50 mA. This results in 70 mA peak-topeak modulations wing of the DFB laser. The laser bandwidth is large enough for the transmission of MB-OFDM UWB signals over PF GI-POF.
The transmitted signal is launched via a multimode optical circulator (OC ) into the POF with an optical power of dBm. After transmitting the signal over Ø 50 m POF of 100 m, a 25 m active area multimode photo-detector with a responsivity of 0.8 A/W was used to directly detect the signal. The received signal is electrically amplified with a gain of 19 dB before being sent via two electrical circulators (loss dB and isolation dB) to a real-time oscilloscope (DPO) running at a sampling rate of 25 GSamples/s for accurate WiMedia compliance evaluation.
For bidirectional transmission, the electrical circulator (EC ) enables the simultaneous transmission of the uplink (and downlink) UWB signal at TFC-7 with centre frequency of 4.488 GHz chosen tominimize interference at the receiver for measurement. Note that for full implementation, the use of only one TFC is recommended for both upstream and downstream to simplify the UWB signal receivers. The uplink signal is injected at port 1 of the second electrical circulator (EC ), and propagates through port 2 to electrical circulator 1 (EC ). At port 3 of EC , the signal is electrically amplified and used to modulate the uplink DFB laser running at the same wavelength of 1302.56 nm. Note that a fixed transmission rate of 200 Mb/s is used for both directions. After transmission over the same 100 m POF link, the signal is received at the RG for evaluation. Unfortunately, it was not possible to operate at the full UWB rate of 480 Mb/s using the current UWB transceiver prototype. We believe that the proposed scheme is scalable to accommodate the full UWB transmission rate.
III. RESULTS AND DISCUSSION
The compliance of the received signals for both directions with the FCC spectral mask was measured. Figs. 2 and 3 shows the power spectral density and spectrograms obtained using a real-time oscilloscope (Tektronix DPO72004). In Fig. 2 , the crosstalk in the downlink appears to be more severe due to the interference between uplink and downlink signals at the electrical circulator (EC ) near the UWB transceiver at the remote site. Due to the isolation of the circulator, this crosstalk appears because of leakage at port 1 to port 3 of EC which is used only for monitoring purposes. The crosstalk does not impair the transmission in the system. The coexistence of the two bands centered at 3.432 and 4.488 GHz at the same time indicates crosstalk. Despite the detected crosstalk, the downlink signal passes the FCC spectral mask requirements for air transmission with a power of dBm. With both uplink and downlink signals transmitted simultaneously, Fig. 4 shows the measured EVM values of the received UWB-OFDM subband.
In the best case, the EVM value for downlink back-to-back is 7.3% ( dB) for a received optical power of dBm. After 100 m POF transmission, the penalty is negligible indicating excellent performance. For the worst case (i.e., at receiver optical power of dBm), the EVM for the back-to-back case is 9.4% ( dB). After 100 m transmission with the same received optical power, the measured EVM is 10.4% ( dB), indicating a penalty of 1.2 dB. For the worst-case in the uplink direction, the minimum received optical power is dBm with the EVM of 11.8% ( dB). Note that compared to the back-to-back EVMof 9.2% ( dB), the uplink direction experienced a penalty of 2.1 dB. The crosstalk does not impair the transmission in the system. The higher penalty obtained for the uplink is attributed to the lower modulation swing for the directly modulated laser due to the losses at the electrical circulators. Note that the standard EVM requirement for WiMedia compliance is 15% ( dB), and all measurement results obtained are well below this requirement. The demodulated signals for downlink and uplink are shown in Figs. 5 and 6. The benefits of MB-OFDM are such that although some subcarrier indices have higher than the average EVM, the overall system performance still meets the required standards. The constellation diagrams of reported. This scheme enables ease of installation without prior knowledge of the transmission direction. Using off-the shelf UWB modules, good performance across all subcarriers allows simultaneous transmission of uplink and downlink signals with low EVM penalties. Overall system penalties of 1.2 dB and 2.1 dB have been measured for downlink and uplink 100 m POF transmission respectively, indicating that with adequate margin, extending the reach of UWB wireless signals in a lowcost in-building/home infrastructure employing PF GI-POF is feasible.
